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The role and quantitative importance of free-living nematodes in marine and estuarine soft sediments
remain enigmatic for lack of empirical evidence on the feeding habits and trophic position of most nema-
tode species. Here we use natural abundances of carbon and nitrogen stable isotopes of some abundant
nematode species/genera from estuarine intertidal sediments to assess their trophic level and major food
sources. In all stations, d15N of di¡erent dominant nematode species/genera spanned a range of 3.6 to
6.3 ppt, indicating that at least two trophic levels were represented. The large nematodes Enoplus brevis,
Enoploides longispiculosus and Adoncholaimus fuscus consistently had high d15N, in line with mouth-morphology
based predictions and empirical evidence on their predacious feeding modes. Daptonema sp.,Metachromadora
remanei, Praeacanthonchus punctatus and ‘Chromadoridae’ (dominated by Ptycholaimellus ponticus) had
comparatively lower d15N, and d13C suggesting that microphytobenthos (MPB) is their major carbon
source, although freshly sedimented particulate organic matter may also contribute to their nutrition in
silty sediments. The trophic position of Sphaerolaimus sp., a genus with documented predacious feeding
mode, was ambiguous. Ascolaimus elongatus had d15N signatures indicating a predacious ecology, which is
at variance with expectations from existing feeding type classi¢cations. Our study shows thatdespite
limitations imposed by the biomass requirements for EA-IRMS (elemental analyserisotope ratio mass
spectrometry)natural isotope abundances of carbon and nitrogen are powerful tools to unravel trophic
structure within nematode communities. At the same time, the prominence of di¡erent trophic levels
results in a large span of d15N, largely invalidating the use of nitrogen isotope abundances to assess food
sources and trophic level of whole nematode communities.
INTRODUCTION
Nematodes are the most abundant metazoans in
estuarine and marine soft sediments, with densities typi-
cally in the order of 106 ind m72 and corresponding
biomass of 0.1 to 10 gCm72. Although their biomass is
generally low, their high abundance and high metabolic
and reproductive rates render them potentially important
in benthic £uxes of carbon and nutrients (Kuipers et al.,
1981; Coull, 1999).
Assessment of the roles of nematodes in benthic carbon
£ows remains problematic due to the paucity of both quali-
tative and quantitative information on their trophic
ecology. Nematode communities are often regarded as
grazers of microalgae and bacteria, but predation on both
proto- and metazoan heterotrophs is also a potentially
important feeding strategy (Moens & Vincx, 1997). Inter-
pretation of nematode feeding behaviour is generally
based on stoma and pharyngeal morphology (Wieser,
1953). A variety of species, then, have their mouth
equipped with teeth, mandibles, and/or other sclerotized
structures which may serve a predacious feeding mode.
However, the absence of empirical evidence that docu-
ments trophic level of di¡erent nematode species/genera/
trophic types hampers proper assessment of (meio)benthic
foodweb structure.
Stable isotopes are powerful tools in foodweb research.
While carbon isotopic signatures of consumer and
resource are typically very similar, nitrogen isotope ratios
show a measurable o¡set between di¡erent trophic levels
(Vander Zanden & Rasmussen, 2001; Post, 2002). Hence,
dual stable isotope signatures may reveal information on
both resources and trophic level of consumers, provided
su⁄cient biomass is available for analysis. This may be
problematic when working with very small animals like
nematodes, because the con¢guration of most commercial
EA-IRMS (elemental analyserisotope ratio mass spec-
trometry) still requires at least 5 mgC or N, which for N
often corresponds to several hundred nematodes. Hence,
dual stable isotope ratios of meiobenthos have hitherto
only been reported on a community level (e.g. Couch,
1989; Riera et al., 1996, 1999; Riera & Hubas, 2003),
with the exception of a single study involving three
harpacticoid copepod and two nematode species
(Carman & Fry, 2002). There are, for instance, at present
no stable nitrogen isotope data in support of the
supposedly predatory ecology of any marine or estuarine
nematode. The aim of this research was therefore to docu-
ment trophic levels of some abundant estuarine tidal £at
nematodes at the genus or species level using dual stable
isotope signatures, focusing speci¢cally on species with
presumed predatory or diatom grazer ecology.
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MATERIALS AND METHODS
Study sites
Samples were collected in May 2004 at four stations
adjacent to and in the Paulina saltmarsh, in the polyhaline
reach (average salinity between 24 and 32) of the Schelde
estuary (south-west Netherlands) (Figure 1). Stations 1, 2
and 3 were located on the unvegetated tidal £at bordering
the marsh upstream and correspond to stations 11, 5 and 2,
respectively, in Gallucci et al. (in press); Station 4 was
located at the edge of a gully within the saltmarsh and
conforms to station PS A in Moens et al. (2002). These
four stations di¡ered in sediment granulometry and
organic matter content (Table 1). In each station, several
nematode species occurred in numbers and biomass
su⁄cient for dual isotope analysis (see below); some
species were su⁄ciently abundant in more than one
station. A preliminary sampling in November 2003 at
Sites 1 and 2 served to assess variability and requirements
for biomass and number of individuals per analysis.
Sampling
The upper 2 cm of the sediment were sampled non-
quantitatively at low tide by scraping the sediment
surface o¡ with a spoon. This material was then trans-
ferred to the laboratory, and stored at 48C until sorting.
Sorting was done within three days from the sampling
date.
Nematodes were extracted from sediment by vigorous
shaking under a jet of freshwater (which temporarily
‘anaesthetizes’ the nematodes, thus facilitating their
release from the sediment), followed by decantation over
a 53-mm mesh size sieve. They were then collected in
¢ltered habitat water. This procedure was repeated eight
times, and yielded fairly clean suspensions of meiobenthos
for samples from the sandy Stations 1 and 2, while more
silt and detritus were retained in the silty samples from
Stations 3 and 4.
Microphytobenthos was isolated from Stations 2 and 3
and from an additional Paulina Station (5) in February
2005, after migration through lens tissue and onto cover
glasses. This yielded fairly clean, diatom-dominated
bio¢lms which were scraped o¡ from the cover glasses,
freeze-dried and acidi¢ed with dilute HCl. Sediment
samples for isotopic analysis from all stations were also
obtained in February 2005. They were dried, ground
andfor measurements of carbon isotopic ratios only
pretreated with dilute HCl to remove carbonates.
Natural stable carbon and nitrogen isotope signatures of nematodes
Nematodes were handpicked with a ¢ne needle, rinsed
once in sterile arti¢cial seawater to remove adhering parti-
cles, and ¢nally transferred to a drop of Milli-Q water in
2.56mm aluminium cups (Elemental Microanalysis
Ltd). Pretreatment of the aluminium cups for 4 h at
5508C typically yielded undetectably low background
values for carbon. Background values for nitrogen were
more variable, ranging from undectable to 41 mgN (the
latter applying to a single blank), yet usually &0.5 mgN.
Nematodes were not starved prior to sorting, hence their
isotopic signatures re£ect both assimilated and ingested
matter. While it may be advisory to analyse organisms
with empty guts, starvation in nematodes often strongly
delays defaecation and is therefore not always very e⁄cient
(T. Moens, unpublished observations).
Sorting was restricted to nematode species/genera which
were easily recognizable under a stereomicroscope and
which were available in su⁄cient biomass, i.e. 525 mg C,
as estimated from measurements of length and width,
yielding nematode wet weight, and from a conservative
estimate of carbon at 10% of nematode wet weight
(Somer¢eld et al., 2005). There is very little information
on nitrogen content in nematodes; assuming an average
C/N-ratio of 5.9 (Ferris et al., 1997), our samples always
contained 44 mgN, and usually in-between 5 and
15 mgN. Replicates were not obtained systematically for
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Figure 1. Map of the Schelde estuary, south-west Netherlands
(NL), with the location of the Paulina intertidal £at and the
positions of the sampling stations. BH, Biezelingse Ham; WM,
Waarde marsh (see Table 2).
Table 1. Summary of sediment characteristics and nematode
densities (total nematodes and some supposedly predacious
species) in the upper 2 cm of our sampling stations at Paulina.
Nematode data are means1 SD of three (Stations 1^3) or
four (Station 4) replicates.
Station
1 2 3 4
Sediment
Mean grain size (mm) 244 201 50 93
Silt (%) 0 4 57 29
Organic carbon (%) 0.06 0.09 0.51 1.17
Total nitrogen (%) 0.007 0.01 0.05 0.20
Nematodes (ind 10 cm72)
Total density 400147 1202545 1825813 645018.45
Adoncholaimus fuscus 1 0.6 79 28 11 17 139
Enoploides
longispiculosus
10136 18751 1 1.1 32.1
Enoplus brevis 0 6 7.5 115 23 14
Sphaerolaimus spp. 0 4 5 8 5 4119
lack of su⁄cient biomass; where possible, 2^4 replicate
samples were analysed for the presumed predators Enoplus
brevis, Enoploides longispiculosus and Adoncholaimus fuscus.
Aluminium cups containing nematodes were oven
dried, closed and stored in screw-cap glass tubes until
analysis.
Isotopic analyses of nematodes, MPB and sediment
organic matter used a ThermoFinnigan Flash 1112
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Figure 2. (A) d13C vs d15N for nematode species/genera at the Paulina tidal £at in May 2004 (Stations 1 to 4 combined); all data
points are single measurements of single species/genera; (B) nematode d13C per station; and (C) nematode d15N per station.
(mean1 STD). The values in (B) and (C) are means1 STD of all the data on single species/genera grouped per station.
Figure 3. The d13C vs d15N for each nematode species/genus at Stations 1 to 4 at the Paulina tidal £at in May 2004. Where
available, isotopic signatures of microphytobenthos (MPB) and particulate organic matter (POM) are also shown.
elemental analyser coupled on-line via a Con£o III inter-
face to a ThermoFinnigan Delta Plus XL mass spectro-
meter, with analytical reproducibility typically at
0.15 ppt for both d13C and d15N. Stable isotope ratios are
expressed relative to the conventional standards (Vienna
PDB for carbon and atmospheric N2 for nitrogen) in units
of parts per thousand, according to the formula: d13C or
d15N¼[(Rsample/Rstandard)71]103 ppt, where R is the
ratio of 13C/12C or 15N/14N.
RESULTS
The d13C of nematodes showed signi¢cant variability
between sites but little variability within sites (Figure 2).
The d15N of nematodes exhibited even more pronounced
inter-site di¡erences, values in silty sediment typically
exceeding those in the sandier sediments by 3^5 ppt
(Figure 2). This trend is con¢rmed when looking only
at the values for Adoncholaimus fuscus (found in all
four stations) and Enoplus brevis (found in three
stations). In contrast to d13C signatures, d15N di¡ered
substantially among di¡erent nematode genera within
sites, with a range of 3.6 (Station 1) to 6.3 ppt (Station 3)
between the lowest and highest values (Figure 3). Enoplus
brevis, Enoploides longispiculosus and Adoncholaimus fuscus
consistently had comparatively high d15N, and so did
Ascolaimus elongatus in the single station where it was
obtained in su⁄cient quantity for dual isotope analysis.
By contrast, Praeacanthonchus punctatus, Metachromadora
remanei, Daptonema sp. and Chromadoridae had d15N in
the lower end of recorded values (unfortunately, only the
¢rst two species were obtained from more than one
station), while the position of Sphaerolaimus sp. was
ambiguous (Figure 3).
DISCUSSION
Carbon sources of estuarine intertidal nematodes
Food sources for the benthos in tidal £ats of the Schelde
Estuary are fairly well-documented, although their
isotopic signatures are typically better constrained for
carbon than nitrogen (Middelburg et al., 1997; Middelburg
& Nieuwenhuize, 1998; Hellings et al., 1999; Herman
et al., 2000; Riera et al., 2000; Moens et al., 2002). A
summary of stable isotopic data of prominent food
sources in this part of the estuary is given in Table 2. In
addition to the in situ production by microphytobenthos
(mainly diatoms), tidal £ats receive signi¢cant inputs
from suspended particulate organic matter (SPOM),
which in this part of the estuary is re£ected in sedimentary
organic matter (SOM) with carbon and nitrogen isotope
signatures very close to those of SPOM (Middelburg &
Nieuwenhuize, 1998; Herman et al., 2000; Moens et al.,
2002). Sea grasses are absent from the estuary, while
inputs of macroalgae and terrestrial vascular plants are
only of very local signi¢cance. Within the Paulina salt-
marsh, inputs of local Spartina anglica production are
signi¢cant, yet the carbon isotopic signatures of SOM
show that inputs of SPOM are highly important (Moens
et al., 2002). Indeed, the small marshes along this estuary
are typically mineral marshes where trapping of
allochthonous organic matter heavily depletes SOM d13C
compared to Spartina-derived organic matter (Middelburg
et al., 1997).
The generally depleted carbon signals of nematodes in
the two silty stations compared to the sandier ones
(Figure 2) re£ect a higher availability of labile water-
column derived particulate organic matter in the former,
and are in line with previous results from this and another
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Table 2. Stable carbon and nitrogen isotope signatures (ppt, means1 SD) of particulate organic matter (POM) and
microphytobenthos (MPB) of intertidal areas in the polyhaline reach of the Schelde estuary (exception made for location WM, which
is in the mesohaline part).
Location POM d13C POM d15N MPB d13C MPB d15N Spartina d13C Spartina d15N Sampling date
1a 719.50.1 (2) 11.30.2 (2) ^ ^ Feb 2005
2a 716.71.2 (2) 9.01.5 (2) 714.50.6 (3) 7.70.2 (3) Feb 2005
3a 723.71.0 (3) 10.60.9 (3) 715.70.9 (3) 7.40.2 (3) Feb 2005
4a 723.20.1 (3) 10.81.0 (3) ^ ^ Feb 2005
5a 721.80.3 (2) 10.20.13 (2) 714.30.3 (3) 8.30.8 (3) Feb 2005
Waarde
marshe,f
722.0 (0^5 cm)
723.5 (5^10 cm)
712.2 (live,
above ground)
712.5 (live,
below ground)
16.03.07 (6)
(green leaves)
Aug 1994e
Aug^Sep 2000f
Waarde
marshe,f
713.1 (litter) 15.00.5 (18)
(above ground
live)
Aug 1994e
Aug^Sep 2000f
BHb ^ 8.60.2 (8) ^ 17.71.4 (4) Jan^Feb 1998
BHb ^ 8.10.1 (2)
(SPOM)
^ ^ Jan^Feb 1998
LEc,d 721.0 to724.0 8.0 to 13.5 ^ ^
LEc,d 720.0 to724.0
(SPOM)
7.0 to 15.0
(SPOM)
^ ^
Unless otherwise indicated (as SPOM), POM refers to sediment organic matter. SPOM, suspended particulate organic matter. Loca-
tions 1^5 are the Paulina stations of the present study (see Figure 1). BH, Biezelingse Ham; LE, Lower Estuary (compilation of di¡erent
sample locations). Figures between brackets refer to the number of replicate samples. Sources: a, the present study; b, Riera et al.
(2000); c, Nieuwenhuize & Middelburg (1998); d, Rossi et al. (2004); e, Middelburg et al. (1997) (only d13C data); f, T. Bouma
(personal communication, raw d15N data used in Bouma et al. (2002)).
intertidal £at in the Schelde estuary (Moens et al., 2002).
These data show that microphytobenthos is the main
carbon source for nematode communities in sandy sedi-
ments, while both microphytobenthos and sedimented
phytoplankton provide carbon to the meiobenthos in
siltier stations. This corroborates the proposed importance
of microphytobenthos as a principal carbon source for
tidal £at nematodes (Riera et al., 1996; Middelburg et al.,
2000; Moens et al., 2002), but not the suggestion that
nematode communities in salt marshes additionally draw
upon more refractory, vascular plant-derived organic
matter, which is isotopically heavier (Couch, 1989; Riera
et al., 1999; Carman & Fry, 2002).
The d15N of marine and riverine endmember particulate
organic nitrogen (PON) for the Schelde estuary is typi-
cally 8^10 ppt (Middelburg & Nieuwenhuize, 1998).
Estuarine PON, by contrast, has more variable and often
enriched d15N as a result of assimilation of heavy residual
NH4+ by microalgae and bacteria (Mariotti et al., 1984;
Middelburg & Nieuwenhuize, 1998; Riera et al., 2000).
The heavy NH4+ signal in turn probably results from nitri-
¢cation and/or autotrophic fractionation during assimila-
tion (Mariotti et al., 1984; Middelburg & Nieuwenhuize,
1998). The clear separation of silty and sandy stations in
this studywith consistently heavier N-signatures in
consumers of the silty stations (Figure 2)is unlikely to
re£ect di¡erences in the relative availability of phyto-
plankton and microphytobenthos, because phytoplankton
d15N is lower than or similar to microphytobenthos d15N
(Riera et al., 2000). The SOM d15N over our study sites
indeed did not di¡er (Table 2). It may, however, re£ect
between-site di¡erences in the relative importance of nitri-
¢cation (see above, J.J. Middelburg, personal communica-
tion), and likely £uctuates seasonally, which somewhat
hampers comparison of our nematode (sampled in May
2004) and organic matter + microphytobenthos (sampled
in February 2005) d15N values.
Data on microphytobenthos (MPB) d15N are scant.
Heavy MPB-signatures have been reported from the
mesohaline part of the Schelde estuary in winter (Riera
et al., 2000). Other, indirect estimates, have been based
on the nitrogen isotopic signatures of known microalgal
grazers (Rossi et al., 2004). In winter 2005, MPB d15N at
our study sites was typically depleted by*2 ppt relative to
bulk sedimentary organic matter, and did not exhibit
among-site variability (Table 2).
Nematode trophic level
The dual isotope abundances of Praeacanthonchus
punctatus, Daptonema sp., Metachromadora remanei and
Chromadoridae spp. are consistent with diatoms as their
principal carbon source, even though the d13C of
Daptonema and Chromadoridae are comparatively a little
depleted, suggesting some contribution of settled SPOM
to their diet. In the mouth-morphology based feeding
type classi¢cation by Wieser (1953), Daptonema sp. is a
non-selective deposit-feeder, while many Chromadoridae
and P. punctatus are epistrate-feeders and Metachromadora is
an omnivore-predator. The food of epistrate-feeders
mainly consists of microalgae, while deposit-feeders may
ingest a variety of particles selected by size and shape, in
the case of Daptonema often including diatoms (Nehring,
1992a,b; Moens & Vincx, 1997). Observations of living
nematodes, however, have shown that Metachromadora
feeds like an epistrate-feeder, while P. punctatus is capable
of swallowing entire (algal) cells much like a deposit-
feeder does (T. Moens, unpublished results). Indeed, the
d15N of Metachromadora invalidates its classi¢cation as a
predator.The predominant genus among ‘Chromadoridae’
in our sample was Ptycholaimellus, the diatom-feeding
behaviour of which is well-documented (Nehring, 1992a;
Moens & Vincx, 1997). The d15N in these primary consu-
mers is at the higher end, though still in the range, of
values reported for macrobenthic primary consumers in
other estuaries (e.g. Deegan & Garrit, 1997; Riera et al.,
2000), but considerably lower than in a more upstream
location in the Schelde estuary (Riera et al., 2000), illus-
trating substantial spatial and/or temporal variability in
estuarine PON d15N.
Taking an average trophic-level increase in d15N of 3.4
(Vander Zanden & Rasmussen, 2001; Post, 2002), the
within-site range of d15N (3.6 ppt in Station 1 to 6.3 ppt in
Station 3) spans one to two trophic steps. While the
carbon isotope abundances of Enoploides longispiculosus,
Adoncholaimus fuscus and Enoplus brevis are similar to those
of the above diatom grazers, their nitrogen signatures are
signi¢cantly enriched, con¢rming their presumed
predatory ecology. The predatory ecology of Enoploides
longispiculosus is well-documented: it preys on nematodes,
ciliates and perhaps other meio- to microsized benthic
organisms and may even control prey biomass and
community structure (Moens et al., 2000; Hamels et al.,
2001; Gallucci et al., in press). However, in an in situ
experiment with pulsed labelling of the microphyto-
benthos with NaH13CO3, it also assimilated microphyto-
benthic carbon at a rate similar to that of diatom grazers
(Middelburg et al., 2000), a result di⁄cult to explain from
a mainly predatory feeding ecology.
Adoncholaimus fuscus, like other oncholaimids, is capable
of catching nematode prey, but additional feeding strate-
gies have been suggested (see Moens & Vincx, 1997 for
review). Our current stable isotope data, however, place
A. fuscus at the same trophic level as E. longispiculosus and
above that of diatom grazers, suggesting that predation
and/or scavenging constitute its predominant trophic
strategies.
The feeding ecology of Enoplus brevis from aWadden Sea
salt marsh has been studied on the basis of gut content
analysis, indicating a shift from an omnivorous to a more
exclusively predacious feeding strategy upon maturation
(Hellwig-Armonies et al., 1991). Our d15N con¢rm a
predacious ecology of adults of this species. The single
sample of juvenile (mainly third-stage juveniles) E. brevis
collected at Station 1, however, does not support the idea
that juveniles depend less on predation. The d15N of
E. brevis were also typically 2 ppt higher than values of
Enoploides longispiculosus and A. fuscus, suggesting di¡er-
ences in resources and/or in resource assimilation and
allocation in the tissues (Gannes et al., 1997). Alterna-
tively, Enoplus brevis may have a wider prey range than the
other species studied here, perhaps including other
predatory nematodes.
Species of the genus Sphaerolaimus have been observed to
feed on other nematodes (Moens & Vincx, 1997). This is
con¢rmed by the d15N of the salt marsh Sphaerolaimus, but
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not by that of the Station 3 sample. In the absence of repli-
cation, this deviant value has to be carefully interpreted.
Similarly, the single result for Ascolaimus elongatus should
not be overinterpreted; however, if con¢rmed, it suggests
that a predacious feeding ecology may be more wide-
spread than expected from current mouth-morphology
andlimited!observation-based evidence. Ascolaimus
elongatus has an unarmed mouth and is generally consid-
ered a (non-selective) deposit-feeder (Wieser, 1953).There-
fore, if predacious, prey may rather consist of protozoans
than of other meiobenthos, and ingestion is likely through
swallowing of entire prey. The high d15N of A. elongatus is
particularly puzzling since it is a frequent prey of
Enoploides longispiculosus (Moens & Gallucci, unpublished
observations).
In any case, it is clear from our data that nematodes
cannot be con¢ned to a single trophic level. Although this
is fairly well-known, its implications have not always been
recognized in dual isotope studies reporting data on a
nematode community level. Because predacious nema-
todes can be quite abundant and are typically rather
large and heavy-built, their biomass contribution can
sometimes dominate whole-community samples and
isotopic signatures and will consequently yield higher
d15N than expected of primary consumers.
Methodological considerations
While the biomass requirements for EA-IRMS are still
problematic when trying to include meiobenthic organisms
in dual isotope studies on foodweb structure, dedicated
sampling and analytical procedures may allow inclusion
of prominent (in terms of density, individual biomass or
both) members of the meiobenthos. As few as ¢ve (adult)
individuals were required of the large nematode species
Adoncholaimus fuscus and Enoplus brevis, ten Sphaerolaimus sp.
and 20 Enoploides longispiculosus. For more average-sized
nematodes,wepooled 80 (forP.punctatusandMetachromadora
remanei) to 300 (for Chromadoridae) individuals, corre-
sponding to N-values in the range of 5^15 mg, assuming a
nematode C/N-ratio of&6. Hence, when species diversity
is not too high and average individual biomass is not very
low, dual isotope analysis at species/genus level is feasible
provided su⁄ciently large samples are collected and sorted.
Speci¢c modi¢cations to conventional EA-IRMS systems
may reduce carbon and nitrogen requirements to 2 and
51 mg, respectively (Carman & Fry, 2002). However,
because of the time-consuming sorting e¡ort, routine inclu-
sion ofmeiobenthos, withproper replication, in dual isotope
studies is still not evident.
A correct interpretation of nematode trophic level
depends on accurate knowledge of the trophic shift for
stable isotope ratios. Here we have adopted average
values as proposed, among others, by Vander Zanden &
Rasmussen (2001) and Post (2002). However, trophic
shift varies among di¡erent organisms as well as among
tissues within an organism (McCutchan Jr et al., 2003),
and no such data are available for nematodes.
Finally, diet and even trophic position of consumers may
be temporally variable. The present dataset refers to a
single moment in timealthough the comparatively high
d15N of A. fuscus and E. longispiculosus have been con¢rmed
in other seasons (T. Moens, unpublished data)during
which microphytobenthos production was high. More
elaborate sampling, covering seasonal variability in
isotopic signatures of both consumers and all relevant
organic matter sources, will be necessary to improve the
conclusiveness of the results presented here.
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